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SEA LEVEL SLOPES AND SURFACE CURRENTS

INTRODUCTION

The ocean surface is not level, but has broad, gradual hills and valleys created by surface winds and
density differences.  Surface currents flow around the sides of these hills and valleys.  Measuring this
sea surface topography is a challenging task.  One measuring device is the TOPEX/Poseidon radar
altimeter mounted on an Earth-orbiting satellite.  This device sends radar beams down to the sea sur-
face, where they are reflected back to the satellite.  The round-trip travel times for the beams allow
scientists to measure the satellite to sea surface distance to within a few centimeters.  The satellite-
derived sea surface elevations are then compared to those that the sea surface would have if the oceans
was still (no currents, waves, etc.).  Specifically, the elevations of the imaginary still ocean are sub-
tracted from those calculated from the satellite’s data.  The height differences show where the ocean’s
hills and valleys are and the slope of the surface between them.

The following activity uses some of these sea height differences, calculated from TOPEX/Poseidon
data to investigate the relationship between sea surface topography and ocean surface currents.

OBJECTIVES

After completing this study, you should be able to:
• Describe the use of a radar altimeter to measure sea surface height.
• Describe the relationship between the slope of the sea surface and the direction and speed of

ocean surface currents.

INVESTIGATIONS

1. Examine the accompanying map of the North Atlantic Ocean [Fig. 1] which shows part of the
ground track of one orbit of the satellite carrying the TOPEX/Poseidon altimeter.  The part of the
ground track of interest for this activity is between 38° and 40° N latitude.  Mark with an “X”
each end of the ground track segment directly on the map.

2. Turn to the table of sea surface height differences [Table 1].  The positive height differences
show where the sea surface was higher than the surface of the imaginary still ocean would have
been.  The negative heights show the opposite.  The heights are listed at regular intervals mea-
sured along the ground track of the altimeter.  In the table, the total difference between the
highest and lowest sea surface heights is about (0.3) (0.6) (0.9) meter.

3. On the sea surface height difference diagram [Fig. 2], plot the data given in the table.  Connect
adjacent plotted points with solid straight lines.

4. The surface of the real ocean is constantly changing as winds and density differences cause
gentle hills and valleys to form.  Although these slopes are very small when compared to those
on land, surface water responds to these changes in topography as it would on land, by starting to
move (uphill) (downhill).

5. On Earth, surface water set in motion is deflected about 90° to the right of its initial direction in
the Northern Hemisphere and to the left in the Southern Hemisphere.  This deflection is due to
Earth’s rotation.  To model the current that results from this deflection, place your pencil along

Standards & Benchmarks
Science Standard  1,  Grades 6-8
  Knows the composition and structure of Earth's atmosphere (e.g., temperature and pressure in different layers of the atmosphere, circulation of air masses) 

Science Standard  1,  Grades 6-8
  Knows that the Sun is the principle energy source for phenomena on Earth's surface (e.g., winds, ocean currents, the water cycle, plant growth) 

Science Standard  1,  Grades 9-12
  Knows how winds and ocean currents are produced on Earth's surface (e.g., effects of unequal heating of Earth's land masses, oceans, and air by the Sun; effects of gravitational forces acting on layers of different temperatures and densities in the oceans and air; effects of the rotation of Earth)

Science Standard  3,  Grades 6-8
  Knows how the regular and predictable motions of the Sun and Moon explain phenomena on Earth (e.g., the day, the year, phases of the Moon, eclipses, tides, shadows)

Geography Standard  1,  Grades 3-5
  Knows the basic elements of maps and globes (e.g., title, legend, cardinal and intermediate directions, scale, grid, principal parallels, meridians, projection) 

Geography Standard  1,  Grades 3-5
  Uses map grids (e.g.,  latitude and longitude or alphanumeric system) to plot absolute location

Geography Standard  1,  Grades 6-8
  Uses thematic maps (e.g., patterns of population, disease, economic features, rainfall, vegetation)

Geography Standard  1,  Grades 6-8
  Understands concepts such as axis, major parallels, seasons, rotation, revolution, and principal lines of latitude and longitude (Earth-Sun relations) 

Geography Standard  1,  Grades 9-12
  Knows the characteristics and uses of geographic technologies (e.g., geographic information systems (GIS) and satellite-produced imagery) 

Geography Standard  7,  Grades 9-12
  Understands the effects of different physical cycles (e.g., world atmospheric circulation, ocean circulation) on the physical environment of Earth 

Geography Standard  7,  Grades 9-12
  Understands how physical systems are dynamic and interactive (e.g., the relationships between changes in landforms and the effects of climate such as the erosion of hill slopes by precipitation, deposition of sediments by floods, and shaping of land surfaces by wind)

Math Standard  6,  Grades K-2 
  Understands that observations about objects or events can be organized and displayed in simple graphs 

Math Standard  6,  Grades 3-5 
  Understands that data represent specific pieces of information about real-world objects or activities 

Math Standard  6,  Grades 3-5 
  Organizes and displays data in simple bar graphs, pie charts, and line graphs 

Math Standard  6,  Grades 6-8 
  Organizes and displays data using tables, graphs (e.g., line, circle, bar), frequency distributions, and plots (e.g., stem-and-leaf, box-and-whiskers, scatter)
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the satellite track with its point facing down hill.  The pencil points in the direction that water
will start to flow.  Now rotate the pencil 90° to the right because this is the direction of deflection
in the Northern Hemisphere.  Thus, from the sea surface slope, you can determine that at this
location, the Gulf Stream flows towards the (northeast) (southwest).

6. Surface currents are strongest on the steepest slopes and weakest on the gentlest slopes.  The
Gulf Stream is one of the strongest surface currents so it occurs on one of the (steepest) (gen-
tlest) slopes.

7. Surface currents flow in such a direction that the hills of water are on the right of the current in
the Northern Hemisphere.  For the Gulf Stream, the hill of water would be on the (right) (left).

8. Because of the relationship between sea surface slope and surface currents, observations of
currents can be used to estimate where the sea level is higher and where it is lower.  For example,
observations show that in the Southern Hemisphere, the Peru Current flows northward along the
coasts of Chile and Peru.  Thus, we would expect sea level to be (higher) (lower) to the left (or
west) of the current than it is to the right (or east).

SOURCE

The Maury Project, American Meteorological Society



3

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

38 38.2 38.4 38.6 38.8 39 39.2 39.4 39.6 39.8 40

Figure 1.  North Atlantic Map.

Latitude (∞N) 38.6 38.8 39.0 39.2 39.4

Height (m) +0.15 +0.11 +0.10 -0.09 -0.46

Figure 2.  Sea Surface Height Difference Diagram

Table 1.  Sea Surface Height Differences


